Abstract
Results
History of surgical evacuation of the uterus increased the risk of surgical evacuation (p = 0.027). Excessive bleeding was not associated with any of the studied variables. More misoprostol was needed when the duration of gestation exceeded 17+0 weeks (p = 0.036). In multivariate analysis the time to fetal expulsion was shorter in women with history of 1-2 deliveries (hazard ratio [HR] 1.49, 95% confidence interval [CI]; 1.07-2.07), !3 deliveries (HR 1.63, 95% CI; 1.11-2.38) and with a two-day interval between mifepristone-misoprostol administration (HR 1.71, 95% CI; 1.05-2.81). Patients with symptoms (i.e. uterine bleeding or pain) at baseline had longer hospital stay (HR 0.66, 95% CI; 0.47-0.92).
Conclusions
The factors affecting the outcomes of medical treatment of second-trimester fetal miscarriage are similar to those of second-trimester induced abortion. Two-day interval between mifepristone-misoprostol administration might decrease the time to fetal expulsion and the need of hospital resources. a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Miscarriage is a common event in a woman's life. Approximately 20% of clinically recognized pregnancies end in a miscarriage [1] . Most miscarriages occur before 12 weeks and it has been estimated that only 2-3% of pregnancies end spontaneously in the second trimester [2] . Second-trimester pregnancy loss has been defined as miscarriage diagnosed between the duration of gestation of 12-24 weeks [2] . The Special Interest Group for early pregnancy in European Society of Human Reproduction and Embryology (ESHRE) has made a consensus statement to harmonize inconsistent terminology of pregnancy failure. According to the ESHRE statement the term fetal miscarriage should be used in pregnancy loss ! 10 weeks of gestation with a fetus measuring ! 33 mm on ultrasound [3] . According to the World Health Organization, miscarriage is defined as the premature loss of a fetus at < 22+0 weeks of the pregnancy and weighing < 500 g [4] .
Medical management of miscarriage and induced abortion has become the gold standard in clinical practice in several northern European countries. However, the treatment of second trimester miscarriage has been addressed in only few research studies. In a recent systematic review of medical treatments for incomplete miscarriage, no randomized trials focused specifically on the treatment of miscarriage beyond 13 week´s gestation were identified [5] . Thus the clinical practice on the treatment of late miscarriages is mainly based on the knowledge derived from studies on second trimester induced abortion. Still, miscarriage can be considered a pathophysiologically separate entity compared to induced abortion, in which potentially viable fetus is expulsed with the use of medication. Women with miscarriage are a heterogeneous group, presenting with widely varying etiologies, such as infections, chromosomal abnormalities of the mother and/or the fetus, antiphospholipid syndrome and congenital uterine anomalies [2] .
In a randomized study comparing the use of misoprostol and oxytocin in cases of both fetal miscarriages and induced abortions in the second trimester women with miscarriage had a shorter time to expulsion compared to women with induced abortion [6] . In randomized trials [7] [8] [9] the use of the mifepristone-misoprostol combination decreased the time to fetal expulsion and increased the rate of successful uterine evacuation, compared to use of misoprostol alone, in women with second trimester induced abortion [7] [8] [9] . In Finnish register-based study the rate of surgical evacuation was 39% after second trimester medical induced abortion including both mifepristone and misoprostol [10] . Moreover, in a randomized study comparing the effects of one-and two-day dosing intervals between mifepristone and misoprostol the rate of surgical evacuation was 31%. This risk was increased by a history of surgical evacuation, fetal indications of induced abortion, age > 24 years and a two-day dosing interval between mifepristone and misoprostol [11] . In contrast, in previous studies on medical induced abortion shorter time to fetal expulsion has been associated with parity and lower gestational age [6, 10] .
We evaluated the outcomes of spontaneous second trimester miscarriages treated with misoprostol-only or with a combination of mifepristone and misoprostol. The primary outcome was to identify the factors associated with adverse outcomes (the need of surgical evacuation and excessive bleeding). The secondary outcome was to investigate the need of hospital resources (misoprostol dose, time to fetal expulsion and length of hospital stay).
Materials and methods
The study was conducted between 1 st December 2008 and 31 st December 2011 in two Finnish tertiary care hospitals; the Departments of Obstetrics and Gynecology at the Helsinki and Oulu University Hospitals. The setting was retrospective. The data was collected by three authors (MM, RJ, AH) and fully deindetified before accessed and analysed by MN. A systematic search was conducted in both hospitals wherein data were collected on all patients treated with ICD10-codes O02.X or O03.X. Of these women, those with a spontaneous fetal miscarriage (a non-viable fetus visible in the ultrasound examination) and duration of pregnancy between 12+1-21+6 gestational weeks were included. Multiple pregnancies were excluded. In cases with several miscarriages per woman during the study period, only the first miscarriage was included. Three patients were excluded as they were treated with intravenous oxytocin only. One patient was excluded because of missing information on the treatment at the ward (number of misoprostol doses and time to fetal expulsion). Three patients experienced fetal expulsion following mifepristone-only and were included in the mifepristone-misoprostol group. Using these criteria we identified altogether 150 women in the Helsinki University Hospital and 51 women in the Oulu University Hospital. We collected data from individual patient files on the age of the woman at the time of diagnosis, previous pregnancies, vaginal deliveries, miscarriages, induced abortions and surgical evacuations. The symptoms (abdominal pain, cramps and bleeding) experienced at the time of diagnosis were also collected. According to Finnish practice, all fetuses are scanned using ultrasonography to confirm the miscarriage. However, the duration of pregnancy was calculated from the last menstrual period as we found it clinically more relevant than ultrasound definition of the fetus although some discrepancy may occur. We assumed that in cases of intrauterine death the size of the fetus may not the match the duration of gestation due to fetal growth restriction or fetal decay, and thus it is not any more accurate method. Data were also collected on the treatment, specifically on mifepristone administration and the interval between the administration of the mifepristone dose and hospital admittance, total dose and number of misoprostol doses, volume of bleeding (as estimated by the staff on the ward and in the operation room) and time to fetal expulsion (calculated from the first misoprostol dose) and length of the hospital stay (overnight treatment from the day when the woman attended the ward to receive misoprostol). Bleeding exceeding 1000 ml was considered excessive.
Most patients (n = 177) received 200 mg of mifepristone orally at the first outpatient visit. Thereafter, they were admitted to the ward 0-72 hours later and the first misoprostol dose was administered vaginally. The initial dose of misoprostol was 400-800 μg. Repeat vaginal doses (400 μg) were given at three-hour intervals until fetal expulsion was achieved. However, 24 patients received repeated doses of misoprostol-only without pretreatment with mifepristone.
The Department of Obstetrics and Gynecology, and Pediatrics of the Hospital District of Helsinki and Uusimaa granted a permission for the study ( §17/24.05.2011). According to Finnish law, a medical research ethics committee statement is not required in a clinical study where the clinical information has been obtained through a retrospective audit and the patients have not been contacted for the purposes of performing the study.
Statistical analyses
Statistical analyses were performed using IBM SPSS 1 Statistics 22 software. The chi-square test was used for a comparison of the categorical variables. The Mann-Whitney U-test or Kruskal-Wallis tests were employed for analysis of the continuous variables. Cox´s regression was performed to evaluate the time to successful events, i.e. misoprostol dose, time to fetal expulsion and length of hospital stay. Univariate analyses were performed initially. Data indicating statistical significance were further evaluated using multivariate analysis. Multicollinearity was tested by using a linear regression test. A variance inflation factor (VIF) >2.5 was interpreted as multicollinearity between the variables. Accordingly, the relevant data were discarded from the multivariate analysis. The level of statistical significance was set at P < 0.05.
Results
201 women with second trimester miscarriage met the inclusion criteria. Their mean age (± standard deviation [SD]) was 32.4 (±5.5) years. The current pregnancy was the first for 34 women (17%), 109 women had had 2-4 previous pregnancies (54%) and 58 women had had ! 5 previous pregnancies (29%). Of these women 177 (88%) were treated with the combination of mifepristone and misoprostol. The remaining women (n = 24) were treated with misoprostol-only. Mean duration of gestation was 117.1 days when defined by the last menstrual period and 103.4 days according to the size of the fetus in the ultrasonographic examination at the time of diagnosis. The results did not alter significantly, when calculated according to the ultrasonographic dating of gestation. The primary outcomes (surgical evacuation during the first hospital stay and bleeding exceeding 1000 ml) were analysed according to the background characteristics and the use of mifepristone (Table 1 ). Surgical evacuation of the uterus because of bleeding and/or retained products of conception was performed during the first hospital stay in 51 patients (25%) and within eight weeks in 65 (32%). In all cases fetus had been expulsed before surgical evacuation. Bleeding was estimated to be excessive in 54 women (27%). A history of previous surgical evacuation of the uterus (p = 0.027) was associated with the need for surgical evacuation. None of the parameters studied were associated with excessive bleeding.
We analysed the need for hospital resources according to the different parameters; total misoprostol dose, time to fetal expulsion and length of hospital stay ( Table 2 ). The total dose of misoprostol needed was significantly higher when the duration of gestation was ! 17+0 weeks (p = 0.036). Time to expulsion was shorter in women with a history of pregnancy (p = 0.010) and delivery (p = 0.004) with a greater interval between the administration of mifepristone and misoprostol (p = 0.016) and when the duration of pregnancy was < 17+0 weeks (p = 0.023). Length of hospital stay was shorter in women with a history of delivery (p = 0.010), in women who received mifepristone (p = 0.003) and in those in for whom the dosing interval between the administration of mifepristone and misoprostol was greater (p = 0.003). Women with symptoms at baseline experienced a longer hospital stay than asymptomatic women (p < 0.001). A longer duration of gestation was associated with a longer hospital stay (p = 0.006).
The association between mifepristone administration, and the absence or presence of symptoms at the time of diagnosis was also analyzed. Mifepristone was used less frequently in symptomatic than in asymptomatic women (71.9% vs. 92.9%, p = 0.001). In addition, the mifepristone-misoprostol interval was shorter in symptomatic women. The dosing interval was 0, 1 or 2 days in 11 (7.8%), 80 (56.7%) and 50 (35.3%) asymptomatic women and 14 (23.3%), 36 (60.0%) and 10 (16.7%) symptomatic women, respectively (p = 0.001).
Cox´s regression analysis was carried out to examine, which parameters were associated with the total misoprostol dose, time to fetal expulsion and the length of hospital stay ( Table 3) . None of the variables had a significant association with the misoprostol dose in univariate analysis. In contrast, univariate analysis revealed a significant association between the time to expulsion and the number of previous pregnancies and vaginal deliveries, the mifepristone-misoprostol interval and the duration of gestation. Number of previous pregnancies and deliveries showed multicollinearity. Thus, we chose to discard the number of previous pregnancies from the multivariate analysis. Of the three parameters included in the multivariate model, a history of 1-2 (hazard ratio [HR] 1.49, 95% confidence interval [CI];1.07-2.07) or ! 3 vaginal deliveries (HR 1.63, 95% CI; 1.11-2.38) and a two-day dosing interval between mifepristone and misoprostol (HR 1.71, 95% CI; 1.05-2.81) were associated with a shorter time to expulsion. In univariate analysis symptoms and mifepristone interval were associated with the length of hospital stay, and were entered to multivariate model, in which women with symptoms had longer duration of hospital stay (HR 0.66, 95% CI; 0.47-0.92).
Discussion
History of surgical evacuation of the uterus was the only parameter associated with the risk of further surgical evacuation following medical treatment of fetal miscarriage. There might be some underlying explanations, such as insufficient maturing of the cervix or lower uterine contractility, which unfortunately cannot be further studied in the present study setting. In contrast, no risk factors for excessive bleeding could be identified. When the duration of gestation exceeded 17+0 weeks, a higher total dose of misoprostol was needed. Time to fetal expulsion was shorter in parous women and when the mifepristone-misoprostol interval was two days, compared to a zero-day interval. The length of hospital stay was longer in symptomatic women than in asymptomatic women. We speculate that this is due to the cautious pretreatment of symptomatic women with mifepristone. The symptoms experienced could be interpreted as signs of spontaneous onset of miscarriage and led to the non-use of mifepristone or to the use of a short mifepristone-misoprostol interval. In fact, symptomatic women received mifepristone less frequently, and the dosing interval between mifepristone and misoprostol administration was shorter. Thus, these women might also benefit from pretreatment with mifepristone. As the existing data on the treatment of second-trimester miscarriages are scarce, and national or international guidelines are lacking, we found the present analysis important. In order to collect sufficient data, the patents were collected from two large Finnish tertiary care hospitals. The retrospective nature of the study is a shortcoming. Second-trimester miscarriages are a rare, and prospective studies would need to be conducted over a greater length of time and involve high patient volumes.
Given the rarity of late miscarriage, the different treatment protocols for second trimester fetal miscarriage have not been assessed in prospective trials. A systematic review and metaanalyses aiming to establish recommendation for post-abortion care in second trimester showed that pretreatment with mifepristone was associated with shorter expulsion of the fetus. However, the articles included were heterogeneous including both induced abortions (legal or illegal) and spontaneous pregnancy failures (fetal demise, ruptured membranes and incomplete abortion) [12] . The treatment protocol used for spontaneous fetal miscarriages in Finland is in line with recent WHO recommendations for medical termination of pregnancy after 12 weeks of gestation [13] . However, in the absence of randomized clinical trials or clinical guidelines not all patients receive similar care. For example, in the presence of clinical symptoms suggestive of spontaneous abortion the clinician may decide not to administer mifepristone prior to misoprostol. This was seen in 12% of cases in the present study. Generally, factors affecting the outcome of second-trimester spontaneous fetal miscarriage treated medically were found to be similar to those in second-trimester medical induced abortion. In a prospective randomized trial the history of surgical evacuation of the uterus was also identified as a risk factor for surgical evacuation in second-trimester medical induced abortion [11] . Nulliparous women were likely to experience a longer induction-to-abortion interval than uni-or multiparous women in second-trimester medical induced abortion in another retrospective study [14] . Unlike the findings of the study on medical induced abortion by Abbas et al. (2016) , the mifepristone-misoprostol interval was not associated with the misoprostol dose in our study [15] . However, the time to fetal expulsion was shorter in relation to increased mifepristone-misoprostol interval and also in women with a history of vaginal delivery. This has also been observed in medical second-trimester induced abortion [15] . The two-day interval between mifepristone and misoprostol has been shown to associate with shorter time to expulsion and also a lower incidence of surgical evacuation, compared to one-day interval in second-trimester medical induced abortion [16] . According to other studies, administration interval of 36-48 hours interval was considered preferable in second-trimester induced abortion [17] .
Several studies have provided convincing evidence on the advantages of combined mifepristone-misoprostol protocol, instead misoprostol-only in second-trimester induced abortion [7] [8] [9] 18] . In cases of spontaneous fetal miscarriage, the practice is not clear. It seems that the results of studies on second-trimester induced abortion can also be generalized to fetal miscarriages. As guidelines are lacking, treatment protocols used in second trimester medical induced abortion can also be applied to second-trimester missed miscarriage. Based on our results, the use of mifepristone, and especially a longer mifepristone-misoprostol interval might reduce the time to fetal expulsion. Multicenter studies using a prospective randomized setting are needed to confirm these findings.
